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Fine structures of triexcitons in single GaAlAs/AlAs quantum dots
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The electron-hole exchange interaction and anisotropy of the confinement potential of
guantum dots (QDs) induce the fine structure splitting (FSS) of exciton (X) emission lines
into two components which are usually linearly polarised in two perpendicular directions. The
FSS of neutral excitons has been largely studied in the past providing valuable information on
the electron-hole exchange interaction between carriers which occupy the ground-state
conduction and valence band levels (s-shells). The FSS of the triexciton state (3X) which
consists of two excitons in a singlet configuration on the s-shell and one exciton on the
excited level (p-shell) was much less investigated, so far.

We report on polarization-sensitive studies of multiexcitonic emission from single
GaAlAs/AlAs QDs. To test the attribution of the observed excitonic lines to a particular
multiexcitonic configuration, the polarization-resolved single-photon correlation experiments
were performed. Notably, the cascade recombination of a quadexciton (two electron-hole
pairs in the singlet configuration on the s-shell, and two pairs in the singlet configuration on
the p-shell) to the single exciton was observed [1]. With these experiments, the recombination
lines due to neutral single- (X) and bi- (2X) exciton (energy range of the s-shell emission) and
the emission due to tri- (3X) and quad- (4X) excitons (energy range of p-shell emission) have
been identified.

The electron-hole exchange interaction of the unpaired exciton in the 3X state leads to
the energy splitting (Asx) similar to the splitting (Ax) of the neutral exciton. Investigating the
polarization-resolved micro-photoluminescence, we measured both Ax and Asx in more than
twenty QDs. The Asx can be observed as the splitting of the 4X—3X and/or 3X—2X emission
10 lines. The polarization axes of two linearly polarized
° components of both exciton and triexciton were also
studied. It was found that the alignment of polarization
0 axes of X and 3X-split components is identical, with one
X6l ! of the axes being along the [110] crystallographic
direction [2].

4 It was found that the Asx always exceeds Ax. As
® '/o.‘ shown in the figure, the Asx/Ax ratio increases
2t 0o o 8 monotonically with the energy separation (Esx-Ex)
® between the 3X (p-shell) and X (s-shell) emission lines.
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lines. Dashed line is a guide to the eye. . We believe t_hat studies of both Ax z.md .A3X e”efgy
splitting can provide new and more precise information
on QDs, revealing more details on electron-hole exchange interaction and the actual form of
the confinement potential.
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